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[57] ABSTRACT 

A device is disclosed, carried by a first vehicle such as 
an orbiting space shuttle, having a plurality of contact 
members for engaging and holding an annular ring on a 
second vehicle such as an orbiting payload. The contact 
members are connected to manipulator arms which are 
mounted at a fulcrum point and which are moved by an 
iris-type mechanism. Movement of the manipulator 
arms causes the contact members to grasp or release the 
annular ring. Bumper devices are provided to axially 
align the annular ring and draw the contact members 
into engagement therewith. 

15 Claims, 18 Drawing Figures 
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DEVICE FOR COUPLING A FIRST VEHICLE TO A 
SECOND VEHICLE 

ORIGIN OF THE INVENTION 5 

The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government of the 
United States of America for governmental purposes 
without the payment of any royalties thereon or there- 10 
fore. 

RELATED APPLICATIONS 

This application is related to my co-pending applica- 
tion Ser. No. 907,436, filed May 19, 1978 now U.S. Pat. 15 
No. 4,173,324. 

SUMMARY OF THE INVENTION 

This invention relates to coupling devices and more 
specifically to a device for attachment to the end of an 20 
arm of a remote manipulator system carried by a first 
space vehicle for coupling thereto a payload in the form 
of an orbiting satellite or other space vehicle. The de- 
vice is capable of securely coupling the device to the 
payload to enable the payload to be accurately de- 25 
ployed in space from the cargo bay of a delivery vehicle 
as well as to be captured in space and returned to the 
bay of the delivery vehicle. One type of prior art device 
which operates on the end of a manipulator arm of a 
delivery vehicle utilizes a pair of jaw members the in- 30 
side surface of which is used to grasp the object such as 
an orbiting satellite or part thereof and the outside sur- 
face of which is used to interlock with a receptacle 
carried by the object into which the jaws are inserted. 
Devices of this nature may operate satisfactorily if the 35 
receptacle carried by the object is in substantial align- 
ment with the jaw so that it can be inserted sufficiently 
for interlocking purposes. However, such instances of 
substantial alignment between objects such as satellites, 
vehicles and the like orbiting in space are rare. In addi- 40 
tion to mechanical linkages of the types described, there 
are known capture systems which utilize wire cables or 
other means which become taut at the final stage of 
expected capture. No coupling device has been found in 
the prior art capable of grasping, aligning and firmly 45 
coupling with an adaptor separation ring of a payload in 
the form of a satellite or other object which is in sub- 
stantial misalignment and/or rotating with respect to 
the coupling device. 

Accordingly, it is an important object of the present 50 
invention to provide a device capable of firmly cou- 
pling an orbital payload to the remote manipulator sys- 
tem of an orbital vehicle for deploying same in space or 
capturing same from space. 

It is another important object of the present invention 55 
to provide a coupling device for the remote manipula- 
tor system of an orbital vehicle which is capable of 
grasping and holding a substantially misaligned adaptor 
ring or an orbiting vehicle and aligning same prior to 
effecting secure engagement therebetween. 60 

It is another important object of the present invention 
to provide a coupling device for a remote manipulator 
system of an orbital vehicle which is small and more 
compact. 

It is another important object of the present invention 65 
to provide a coupling device which is capable of rotat- 
ing to either match the rotational speed of the annular 
ring on the orbiting payload prior to contact therewith 
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or to rotate the payload to a desired speed before plac- 
ing it in a desired orbit. 

These and other objects and advantages of the inven- 
tion will become apparent upon reference to the follow- 
ing specification, attendant claims and drawing. 

Briefly, these and other objects are attained by a 
coupling device which is secured to the end of an arm of 
a remote manipulator system carried by a first vehicle 
such as an orbiting space shuttle for engaging and hold- 
ing an annular ring on a second vehicle such as an orbi- 
tal payload. The device includes a plurality of contact 
members which are operatively connected to manipu- 
lating arms which in turn are mounted relative to each 
other at a fulcrum point. The other ends of the manipu- 
lator arms are operatively connected at their other ends 
to an iris-type adjusting mechanism. The adjusting 
mechanism has as many blades as there are manipulating 
arms and means are provided on each blade to connect 
it to the end of one of the manipulating arms. Rotation 
of the adjusting mechanism causes the ends of the arms 
connected thereto to move either toward or away from 
each other thereby causing the contact members to 
move away from or toward the annular ring. Bumper 
means are also provided slidably mounted within the 
contact members for engaging the annular ring and 
rotating it relative to the contact members if it is out of 
alignment with the coupling device and subsequently 
drawing the contact members into firm engagement 
with the annular ring. This rigid coupling results in a 
stable composite structure which can be easily maneu- 
vered by the remainder of the manipulator system. The 
actuating device for the bumpers is a spring loaded 
latch mechanism which is cocked by movement of the 
manipulator arms and which is released to provide a 
slow, constant movement of the bumper means toward 
and against the annular ring. A damper means is associ- 
ated with the latch mechanism to ensure the desired 
movement of the bumper arms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of two orbital vehicles 
joined by the coupling device of the present invention; 

FIG. 2 is a side elevational view of the coupling 
device of the present invention connected to an end of 
a remote manipulator system of a orbital vehicle and 
grasping the adaptor ring of an orbital payload; 

FIG. 3 is a plan view of the contact member and 
manipulator arm; 

FIG. 3A is a plan view in partial cross-section of the 
contact member as it is connected to the end of a manip- 
ulator arm of the coupling device; 

FIG. 3B is a cross-sectional view taken along the lines 
3—3 of FIG. 3A; 

FIG. 4 is a cross-sectional view with partial cut-away 
taken along the lines 4 — 4 of FIG. 2; 

FIG. 5 is a side view of another embodiment of the 
manipulator arms and fulcrum of the present invention; 

FIG. 5a is a plan view of the embodiment of FIG. 5; 

FIG. 6 is a front elevational view of the iris-type 
adjusting mechanism taken along the line 6 — 6 of FIG. 
2 ; 

FIG. 7 is a cross-sectional view taken along the lines 

7— 7 of FIG. 6; 

FIG. 8 is a cross-sectional view taken along the lines 

8— 8 of FIG. 6; 

FIG. 9 is a cross-sectional view taken along the lines 

9— 9 of FIG. 7; 
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FIG. 10 is a side elevational view of another embodi- 
ment of the coupling element; 

FIG. 11 is a side elevational view in partial cross-sec- 
tion of the bumper actuating mechanism; and 

FIGS. 12 (a) — (d) are schematic illustrations of a 
typical grasping, aligning and engaging operation of the 
coupling device and an adaptor ring. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

Referring now to the drawings where like characters 
of reference indicate like parts in each of the several 
views, FIG. 1 depicts a coupling of orbiting space craft 
such as that envisioned, employing the coupling device 
of the present invention. The orbital space shuttle 10 has 
associated with it a remote manipulator system 12 
which is capable of removing objects from or returning 
them to the payload bay 14 of the space shuttle 10. The 
coupling device 16 of the present invention is connected 
at one end of the remote manipulator system 12, the 
other end is shown coupled to an orbiting space craft 
such as a satellite 18. The movement of the various 
elements comprising the manipulator system 12 are 
controlled by the operator inside the orbital space shut- 
tle 10 by remote control and are not a part of this inven- 
tion. 

Referring to FIG. 2, a drive motor 20 is connected 
between the remote manipulator system 12 and the 
coupling device 16 of the present invention by means of 
an adaptor 22. The drive motor 20, preferably electric, 
can rotate the coupling device 16 to match the direction 
and rotational velocity of an orbiting payload 24 which 
it is attempting to deploy or retrieve. The payload 24 is 
equipped with a broadly situated adaptor ring 26, e.g. a 
Marmon Clamp Ring secured thereto. The adaptor ring 
26 has a radially extending lip 28 around one end 
thereof which is grasped by the coupling device 16 as 
will now be discussed. 

The coupling device 16 in its broadest aspects con- 
sists of a centrally positioned shaft 30 which is substan- 
tially axially aligned with a general purpose adaptor 22 
and drive motor 20. Mounted on the shaft 30 is fulcrum 
member 32 for a plurality of manipulator arms 34. The 
manipulator arms 34, in the preferred embodiment 
shown, are four in number equally spaced around the 
fulcrum member at an angle of ninety degrees with 
respect to adjacent arms. To ensure the required maxi- 
mum structural rigidity of the entire coupling device 16, 
the minimum number of manipulator arms 34 is three in 
number arranged at an angle of one hundred twenty 
degrees with respect to adjacent arms. The various 
methods of attachment to the fulcrum member 32 and 
the movement characteristics of the manipulator arms 
34 resulting from each method of attchment will be 
discussed in greater detail later. 

At one end 35 of each of the manipulator arms 34 is 
rotatably mounted a contact member 36 having an in- 
wardly depending contact element 38 as can best be 
seen by referring to FIGS. 3, 3A, and 3B. The contact 
members 36 are moved to a position around the adaptor 
ring 26 by means of the remote manipulator system 12. 
In order to absorb any limited radial shock generated 
during the initial contact of the contact elements 38 
with the adaptor ring 26, a torsion spring 40 is provided 
between the contact member 36 and the manipulator 
arm 34. The torsion spring 40 biases the contact member 
36 away from the longitudinal axis of the manipulator 
arm 34 at an angle 6 of approximately ten degrees. The 
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torsion spring 40 is held at one of its ends in a slot by 
means of a bolt 41 in the end 35 of the manipulator arm 
34 and by a similar bolt 43 adjacent the end of the 
contact member 36. An adjustable bolt 37 is provided 
5 adjacent the end of the contact member 36 which en- 
gages a surface 39 on end 35 and acts to stop the move- 
ment of the contact member 36 when it has reached a 
position of substantial alignment with the longitudinal 
axis of the manipulator arms 34. Similarly, a fixed pro- 
10 jection 37a on contact member 36 limits the movement 
thereof away from the longitudinal axis of the manipula- 
tor arms 34 when it engages manipulator arm end 35. A 
bumper system is also associated with each contact 
member 36 consisting of a bumper arm 42 which is 
15 secured to a base 44 which in turn is slidably mounted 
within the contact member 36. The bumper arms 42 
may be positioned normal to the longitudinal axis of the 
contact members 36, i.e. a =90° as shown in the draw- 
ings if the adaptor ring 26 is anticipated to be in substan- 
20 tial axial alignment with the coupling device 16 or the 
bumper arms 42 may be positioned at an angle a of 
approximately two degrees greater than the angle <f> of 
the adaptor 26 relative to the axis of rotation of the 
coupling device 16 to thereby facilitate coupling. A 
25 system of levers 46,48 is rotatably attached at one of 
their ends to each other and at the other of their ends to 
the base 44 of bumper arm 42 and the end of the manipu- 
lator arm 34 respectively. A link arm 50 is connected at 
one of its ends to the lever 48 such that movement of the 
30 link arm 50 causes the bumper arm 42 to move parallel 
to contact member 36. 

As can be appreciated from FIG. 2 and as will be 
more fully described later with respect to FIG. 12 and 
the overall operation of the coupling device 16, the 
35 continued motion of the bumper arms 42 against the 
radially extending lip 28 under the force of links 50 will 
cause contact elements 38 to move toward the radially 
extending lip 28 into eventual contact therewith and the 
desired rigid coupling of the payload 24 to the coupling 
40 device 16. A linear spring 51 located within contact 
member 36 provides pressure on the bumper arm 42 to 
permit motion from a rearward cocked position. Spring 
bumpers 45 are provided to ensure that the contact 
element 38 stays in contact with radially extending lip 
45 28 of the adaptor ring 26. The bumper arm 42 and 
contact element 38 may have attached thereto a low 
friction polymer material to provide damping with radi- 
ally extending lip 28. An adjustable spring stop 51a in 
the form of a block slidable in contact member 36 is also 
50 provided. 

Referring now to FIG. 2 and FIG. 4 and the embodi- 
ment disclosed therein, the fulcrum member 32 has 
radially extending recesses 52 in which the manipulator 
arms 34 are rotatably mounted by means of pins 54. As 
55 can be seen, movement of the ends 56 of the manipula- 
tor arms 34 toward each other will cause the ends 35 to 
move away from each other in what is generally re- 
ferred to as a “negative pliers effect”. 

FIGS. 5 and 5 a disclose another embodiment of ful- 
60 crum member 32 wherein one set of oppositely disposed 
manipulator arms 34a are rotatably mounted with re- 
spect to each other on a bolt 54 in shaft 30. The manipu- 
lator arms 34a cross through the open center of a pair of 
parallel, spaced-apart bearings 55. The bearings 55 have 
65 an outer portion 55a fixed against rotation to shaft 30 
and an inner portion 556 which rotates on balls 55 c with 
respect to the outer portion 55a. A second set of oppo- 
sitely disposed manipulator arms 346 are secured to the 
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inner portion 55 b of each bearing. If the ends 56 of the 
manipulator arms 34a and 34 b are moved toward each 
other by the iris mechanism, as will be described 
shortly, the ends 35 of the manipulator arms 34a and 34Z> 
will also move toward each other in the nature of a 5 
conventional pair of pliers. This is commonly referred 
to as the “positive pliers effect”. 

If the force moving the ends 56 toward each other 
increases as the ends 56 approach each other, as is the 
case with the present iris adjusting mechanism as will be 10 
more fully described later, the choice of whether to use 
the embodiment of FIG. 4 or 5 will depend on whether 
this increasing force is desired to be transmitted to the 
manipulator arm ends 35 in motion toward each other 
or away from each other. In the preferred embodiment, 15 
it is desirable to have the contact elements 38 engage the 
adaptor ring 26 with a minimum amount of force so as 
not to cause structural damage thereto and have maxi- 
mum amount of force as the ends 35 move away from 
each other to effect cocking of the bumper actuating 20 
means to be described shortly. If, however, the only use 
of the coupling device 16 is to grasp and hold an object 
tightly between the ends 35, then the embodiment of 
FIG. 5 would be preferable. 

The means utilized to move the ends 56 of the manip- 25 
ulator arms toward each other is an iris mechanism 58 
mounted coaxially with the shaft 30 and secured to 
adaptor 22. This iris mechanism 58, as shown in FIGS. 
6-10, consists of a cylindrical shaped housing 60 which 
is secured to the adaptor 22. A driving ring 62 is con- 30 
centrically mounted within the housing 60 on bearings 
64. The driving ring 62 has a gear segment 66 around a 
portion of the outside periphery thereof which is in 
driving engagement with a spur gear 68. The spur gear 
68 is in turn driven by a motor 70 preferably electric, 35 
mounted on the outside of the housing 60. The bearings 
64 are held in position adjacent the driving ring 62 by 
means of bearing retainer elements 72. A plurality of 
crescent-shaped blades 74 are journaled for rotation at 
one end thereof to a bracket 76 formed integrally with 40 
the inside surface of housing 60. The blades 74 have a 
frictional surface contact member 73 applied to its outer 
surface. As aforementioned in the preferred embodi- 
ment of the invention wherein four manipulator arms 34 
are employed, there are four blades 74 connected to 45 
brackets 76 which are positioned at an angle of ninety 
degrees with respect to each other. Connected adjacent 
the other end of each blade 74 is one part of a lcnuckle- 
type coupling element 78, the other part thereof is con- 
nected to the ends 56 of the manipulator arms 34. The 50 
coupling element 78 permits a degree of rotation of the 
manipulator arm ends 56 with respect to the blades 74. 

FIG. 9 shows one embodiment of the coupling ele- 
ment 78 wherein a ball 81 is held by means of a bolt 82 
between depending ears 83. A socket head 84 fits over 55 
the ball 81 and is self-aligning therewith thru 0 shown. 
The socket head 84 has a threaded end which is secured 
to the end 56 of each manipulator arm 34 to permit 
linear adjustment therebetween. As can be appreciated 
by referring briefly to FIG. 6, when the iris blades 74 60 
are moved between their retracted and extended posi- 
tions, the coupling element 78 is rotated gradually to a 
certain extent. If the ends 56 of the manipulator arms 
were fixed to the blades 74 against rotation, the resul- 
tant twisting of the manipulator arms 34 would result in 65 
their damage. The socket head 84 of the coupling de- 
vice, however, permits the ends 56 of oppositely dis- 
posed manipulator arms 34 to remain in the same plane 


6 

as the ball 81 of the coupling element 78 is rotated. A 
second embodiment of the coupling element 78 is 
shown in FIG. 10 employing the same self aligning ball 
81 and socket 84 combination of the embodiment of 
FIG. 9, however, the threaded end 85 is also permitted 
to rotate with respect to the end 56 of the manipulator 
arm 34. This relative rotation is achieved by means of 
the use of angular contact bearings 86 arranged on ei- 
ther side of a radially extending flange 87 on the end 56 
of the manipulator arm. Washers 88 are positioned (as 
shown) relative to the inner and outer races of the bear- 
ings 86, the end 56 of the manipulator arm and securing 
nuts 89a, and 89 b to permit rotation of the threaded end 
85 with respect to the end 56 of the manipulator arm 34. 

The blades 74 are also connected by means of a link 
80 to the driving ring 62. One end of the link 80 is rotat- 
ably secured to the blade 74 at a point substantially 
adjacent the coupling element 78 and the other end 
thereof is rotatably secured to the driving ring 62. In the 
first or open position of iris mechanism 58, the blades 74 
rest adjacent the inside surface of the housing 60 and the 
spur gear 68 is at one end of the gear segment 66. As the 
spur gear 68 and gear segment 66 are caused to rotate by 
motor 70, the links 80 cause the blades 74 to begin to 
move inwardly toward each other with an initial force. 
As the ring 62 continues to rotate, the blades 74 ap- 
proach each other with gradually increasing force due 
to the corresponding increase in mechanical advantage 
resulting from the connecting link 80 and its position 
relative to the driving ring 62 and the end of blade 74. 
At the end of travel of the spur gear 68 relative to the 
gear segment 66, the maximum mechanical advantage 
has been achieved and the corresponding force capable 
of being exerted by the blades 74, which are now in 
their maximum extended position, is the greatest. A stop 
75 on shaft 30 is engaged by the coupling element 78 to 
stop the inward travel of the blades 74. As can be seen 
therefore, as the driving ring 62 is rotated, the blades 74 
of the iris mechanism 58 cause the contact members 36 
of the coupling device to move toward or away from 
each other. The use of one or the other of the embodi- 
ments of the fulcrum member 32, as aforementioned, 
will determine whether the maximum force generated 
by the iris blades 74 in their inwardmost position is 
transmitted to the contact members 36 when they ap- 
proach each other or move away from each other. As 
previously mentioned in the present embodiment of the 
invention disclosed, the manipulator arms 34 are ar- 
ranged with respect to each other at the fulcrum 32 to 
provide a negative pliers effect. Thus, when the blades 
74 of the iris mechanism are approaching each other and 
exerting their maximum force, the portion of the manip- 
ulator arms 34 between the fulcrum 32 and contact 
members 36 are moving away from each other with a 
corresponding maximum force. This maximum force is 
used to cock an actuating mechanism referred to gener- 
ally by numeral 90 in FIG. 2 and which will now be 
described. 

Referring to FIGS. 2 and 11, the actuator mechanism 
90 consists of an actuator support element 92 in the form 
of a cylindrical-shaped bobbin which is concentric with 
and slidably mounted on shaft 30. The support element 
has radially extending ends 94,96 which act as stops. 
Slidably mounted on and concentric with the actuator 
support element 92 is a first link support 98 having a 
radially extending flange 100 and a spaced apart second 
link support 102 having a corresponding radially ex- 
tending flange 104. The first link support has a beveled 
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edge 99 adjacent the end thereof. The second link sup- 
port 102 has an inward, radially extending recess 106 
which terminates in a beveled surface 108 the purpose 
of which will be more fully described later. The first 
link support 98 is rotatably connected to each lever 48 5 
by means of the link arm 50. The length of the link arm 
50 can be adjusted by means of a turnbuckle-type mech- 
anism 112. Correspondingly, the second link support 
102 is connected to each manipulator arm 34 by means 
of a link arm 114. A plurality of positions 115 are pro- 10 
vided on manipulator arm 34 to vary the location of the 
end of link arm 114. A coiled compression spring 116 
extends around the first and second link supports 98, 102 
and between the respective flanges thereof 100,104. As 
can be seen, as the manipulator arms 34 are moved 15 
toward each other by the iris mechanism 58, the move- 
ment is transmitted to the link arms 50 by means of the 
compression spring 116. Further, as the manipulator 
arms 34 are caused to move away from each other by 
the iris mechanism 58, the link support 102 slides into 20 
engagement with the end of actuator support element 
92. Continued movement by the manipulator arm 34 
causes end 94 of the actuator support element to engage 
flange 100 compressing coil spring 116 into a cocked 
position. 25 

In order to maintain the actuator mechanism in this 
cocked position, a pair of latching arms 118 are rotat- 
ably mounted in a recess 120 in the shaft 30 by means of 
a pin 122 and extend through a recess 123 in the actua- 
tor support element 92. A pair of tension springs 126 30 
bias the arms 118 against stop pins 127. The latching 
arms 118 have a trigger 128 on one end thereof which, 
in the cocked position, as shown in FIG. 11, engages 
and holds the first link support. The other end 130 is 
beveled and rests in recess 106 against the second link 35 
support 102. In the cocked position as aforementioned, 
the manipulator arms 34 and thus the contact members 
36 and corresponding contact elements 38 are at their 
maximum, spaced apart position away from the adaptor 
ring 26. 40 

As the iris mechanism 58 moves the contact elements 
38 toward the adaptor ring 26, the link arm 114 causes 
second link support 102 to move to the left as viewed in 
FIG. 11. Continued movement causes engagement of 
the beveled edges 108, 130 and a camming of the ends of 45 
the latching arms 118 toward each other thus releasing 
the first link support 98 from trigger 128. As the link 
support 98 in turn moves to the left, as viewed in FIG. 

11, under the force of compression spring 116, link arm 
50 moves levers 46,48 thus causing the bumper arms 42 50 
to move with respect to contact members 36 until the 
bumper arms 42 engage the radially extending lip 28 of 
the adaptor ring 26. Continued movement of the bum- 
per arms 42 causes the contact elements 38 to also en- 
gage the lip 28 and hold it and the payload 24 secure. In 55 
order to ensure that the latching trigger 128 release the 
first link support element 98 at the proper time, i.e. 
when the contact element 38 is substantially adjacent 
the adaptor ring 26, the point where the beveled edges 
130 pass from within the recess 120 is controlled by 60 
relocating the pin 122 in one of the adjacent recesses 132 
through shaft 30 which, in turn, shifts the location of the 
latching arms 118 relative to the first and second link 
support elements 98,102. 

In order to reduce the speed of engagement of the 65 
bumper arms 42 with the radially extending lip 28, a 
damper mechanism 150 is provided in the form of an 
insertable cartridge. The damper 150 consists of a hol- 
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low piston 152 slidably positioned in the end of shaft 30 
adjacent the actuator mechanism 90. At one end, the 
piston 152 is connected by means of a threaded shaft 154 
to Belleville spring 157 which, in turn, is connected by 
a threaded shaft 156 to a transverse shaft 158 connected 
to first link support element 98. A longitudinal slot 160 
is provided in the wall of shaft 30 to permit sliding 
movement of the shaft 158. The action of the damper 
150 occurs through compression or tension of the 
springs 157 from the transverse shaft 158 which is actu- 
ated to the right or left as viewed in FIG. 11. A suffi- 
cient gap 159 is provided to additionally relieve oscilla- 
tory motions of the actuating mechanism 90 and to 
allow for relief of any tendencies to misalign the action 
of the damper. The medium for restriction is a fluid 162 
which is contained by means of an “O” ring seal 164 
between the inside wall of the shaft 30 and the piston 
152. A check valve 166 and an orifice 168 are provided 
in the other end of the piston 152. The orifice 168 per- 
mits the fluid 162 to enter the inside of the piston at a 
predetermined rate upon release of the first link support 
element 98 to thereby control the linear rate of move- 
ment of the first link support 98 and the bumper arms 
42. During this movement of the piston 152, the check 
valve 166 is closed. The check valve 166, however, is 
open during recocking of the actuator mechanism to 
minimize resistance to the passage of the fluid from the 
inside of the piston 152. A nut 170 closes the end of shaft 
30 and holds cartridge damper 150 therein. 

Referring now to FIGS. 2 and 12 a — d, a schematic 
diagram illustrates the operation of the coupling device 
16. In FIG. 12a the orbital payload 24 is shown rotating 
slowly and at an angle <j> with respect to the longitudinal 
axis of the coupling device 16 which has been maneu- 
vered to a position in the path of the payload 24. The 
contact members 36 are at their greatest spaced apart 
position as they are extended around the adaptor ring 26 
and are caused to rotate by the motor 20 in the same 
direction and at the approximate speed of the adaptor 
ring 26. The iris mechanism 58 is then actuated causing 
the contact elements 38 of the contact members 36 to 
engage the adaptor ring 26 as shown in FIG. 12 b. The 
position of the manipulator arms 34 as this contact posi- 
tion is approached will cause unlatching of the actuator 
mechanism 90 as previously described. As the actuator 
mechanism 90 moves the bumper arms 42 toward the lip 
28 of the adaptor ring 26 as restricted by the damper 
mechanism 150 (FIG. 11), the bumper arms 42 engage 
the lip 28 and slowly rotate same until the adaptor ring 
and lip 26,28 are axially aligned with the coupling de- 
vice 16 as shown in FIG. 12c. Continued movement by 
the bumper arms 42 forces the contact elements 38 into 
final secure engagement against the lip 28 of the adaptor 
ring 26 as shown in FIG. 12 d. The remote manipulator 
system can now maneuver for example the payload into 
the payload bay of the orbital space shuttle. 

The coupling device of present invention as just de- 
scribed in detail could, of course, be used on the end of 
any remote type manipulator arm such as, for example, 
those used in handling radioactive materials or in under- 
sea activities. 

What is claimed is:' 

1. A device for the coupling of a first vehicle to a 
second vehicle moving relative thereto, said second 
vehicle having an annular means adapted to be engaged 
by said coupling device carried by said first vehicle, said 
device comprising: 
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(a) at least three contact members arranged relative to 
each other for engaging said annular means, 

(b) at least three manipulator arms, each manipulator 
arm operatively connected at one end thereof to 
one of said contact members, each of said manipu- 5 
lator arms being rotatably mounted adjacent a shaft 
carried by said first vehicle, 

(c) means positioned on said shaft adjacent a second 
end on each of said manipulator arms for control- 
ling the movement of said second ends to a first 10 
position wherein said movement of said second 
ends to said first position causes said contact mem- 
bers to move toward each other into engagement 
with said annular means on said second vehicle and 
wherein said movement of said second ends to a 1 
second position causes said contact members to 
part and to disengage said annular means on said 
second vehicle, 

(d) bumper means mounted adjacent said one ends of 2Q 
said manipulator arms for engaging said annular 
means on said second vehicle, and 

(e) actuator means mounted on said shaft and opera- 
tively connected to said bumper means by bumper 
link means such that upon actuation of said actua- 
tor means said bumper means causes said annular 
means to move into axial alignment with said shaft. 

2. A device as set forth in claim 1 wherein said actua- 
tor means is further operatively connected to said ma- 
nipulator arms by manipulator arm link means such 30 
that, upon movement of said second ends of said manip- 
ulator arms to said second position said actuator means 

is moved to a cocked position by said manipulator arm 
link means. 

3. A device as set forth in claim 2 wherein said actua- 35 
tor means further comprises: 

(a) actuator support means slidably mounted on said 
shaft, 

(b) first and second oppositely disposed link support 
means slidably mounted on said actuator support 40 
means, said first link support means being opera- 
tively connected to said manipulator arm link 
means and said second link support means being 
operatively connected to said bumper link means, 

(c) compression spring means positioned between 45 
said first and second link support means, and 

(d) latch means mounted on said shaft means for 
maintaining said first and second link support 
means in a position relative to each other when said 
link support means are being biased away from 
each other by said compression spring means. 

4. A device as set forth in claim 3 wherein said latch 
means comprises a pair of latch elements rotatably 
mounted in said shaft, said latch elements having a trig- 55 
ger on one end thereof for engaging said second link 
support means each of said latch elements having an- 
other end thereof in engagement with said first link 
support means such that motion of said first link support 
means upon release thereof toward said second link 60 
support means causes said trigger ends of said latch 
elements to disengage from said second link support 
means permitting movement thereof away from said 
first link support means. 

5. A device as set forth in claim 1 wherein said actua- 65 
tor means further comprises damper means for gradu- 
ally reducing the engagement speed between said bum- 
per means and said annular means. 
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6. A device as set forth in claim 5 wherein said 
damper means comprises: 

(a) hollow piston means slidable in said shaft and 
operatively connected at one end thereof to said 
actuator means, 

(b) fluid means adjacent a second end of said hollow 
piston means, and 

(c) orifice means through said second end of said 
hollow piston means to permit said fluid to gradu- 
ally enter said hollow piston means to provide a 
dampening effect when said hollow piston means is 
moved in a first direction by said actuator means. 

7. A device as set forth in claim 6 wherein said hollow 
piston means includes a check valve in said second end 
of said hollow piston means to facilitate movement of 
said fluid means out of said hollow piston means when 
said hollow piston means is moved in a second direction 
by said actuator means. 

8. A device as set forth in claim 7 wherein said 
damper means further comprises Belleville spring 
means connected between said hollow piston means and 
said actuator means to relieve oscillatory motion there- 
between. 

9. A device as set forth in claim 1 further comprising: 

(a) torsional spring means connected between each of 
said manipulator arms and said contact members to 
provide radial shock absorption in the outward 
direction during coupling operations, and 

(b) linear spring means connected between elements 
of each of said bumper means to provide a means 
for smooth release from a cocked position in an 
axial direction during said coupling operation. 

10. A device as set forth in claim 1 wherein said 
movement controlling means is an iris-type adjusting 
mechanism. 

11. A device as set forth in claim 10 wherein said iris 
type adjusting mechanism comprises: 

(a) a cylindrical shaped housing having at least three 
blades rotatably mounted at one end thereof on the 
inside of said housing, 

(b) means on said blades for connecting said blades to 
said second ends of said manipulator arms, 

(c) a motor driven ring gear rotatably mounted in said 
cylindrical shaped housing adjacent said blades, 
and 

(d) link means operatively connected at one end 
thereof to said ring gear and connected at a second 
end thereof to a second end of said blades such that 
upon rotation of said motor driven ring gear, said 
link means causes said second ends of said blades as 
well as said second ends of said manipulator arms 
to move toward each other. 

12. A device as set forth in claim 11 wherein said 
means for connecting said blades to said manipulator 
arms are self-aligning ball joints. 

13. A device as set forth in claim 1 further comprising 
means operatively connected to said shaft for rotating 
said contact members at the same rotational speed as 
that of said second vehicle. 

14. A device as set forth in claim 1 wherein said 
movement of said second ends of said manipulator arms 
to said first position is away from each other and to said 
second position is toward each other. 

15. A device as set forth in claim 1 wherein said 
movement of said second ends of said manipulator arms 
to said first position is toward each other and to said 
second position is away from each other. 

***** 



